Vibratory compaction of bridge deck pavement impacts the structural integrity of bridges to certain degrees. In this study, we analyzed the dynamic response of different types of concrete-beam bridges (continuous beam and simply supported beam) with different cross-sectional designs (T-beam and hollow-slab beam) under vibratory compaction of bridge deck asphalt pavement. The dynamic response patterns of the dynamic deformation and acceleration of bridges under pavement compaction were obtained by performing a series of field experiments and a three-dimensional finite element simulation. Based on the finite element model, the dynamic responses of bridge structures with different spans and cross-sectional designs under different working conditions of vibratory compaction were analyzed. The use of different vibration parameters for different bridge structures was proposed to safeguard their structural safety and reliability.
Introduction
Bridge deck pavement is the protective layer paved over bridge deck slabs to prevent the direct wear of slabs by vehicle wheels, diffuse the load of vehicles, and provide a flat but skid-resistant surface for vehicles to drive on [1, 2] . There are several types of bridge deck pavement. Most express highway bridges are paved with asphalt mixture [3] [4] [5] . The performance of asphalt mixture-paved bridges is affected by the asphalt compaction quality. Poorly compacted asphalt pavements may suffer defects such as cracks, ruts, and water damage [6] [7] [8] . Such defects may compromise express highway performance and are a major cause of traffic accidents [9] . There are three primary methods of asphalt pavement compaction: static rolling, vibratory rolling, and oscillatory rolling. Whether vibratory rolling is appropriate for compacting bridge deck pavement is still a subject of dispute, as excessive vibratory loads may cause significant displacement in the bridge structure, thereby damaging it [10] [11] [12] . Vibratory compaction is not recommended, though not prohibited either, in the Technical Specification for Construction of Highway Asphalt Pavements [13] . The means of compaction recommended in the specification is oscillatory compaction. Undeniably, vibratory rollers cause more significant dynamic deformation than oscillatory and static rollers, particularly when operating at greater excitation forces. However, the development and application of the oscillatory roller are still in the exploratory stage, and the oscillatory roller is inferior to the vibratory roller in the effective depth of compaction and operational reliability. Therefore, vibratory rolling is a more popular technique (as indicated by the higher inventory of vibratory rollers kept by construction companies) for bridge deck pavement compaction.
Bridge deck pavement compaction is a dynamic process; the movement and compaction forces of a vibratory roller inevitably affect the bridge structure and the asphalt pavement. The vibratory roller moves on the bridge deck during the working process, so it can be regarded as a special moving load. Many scholars have carried out related research on the 2 Mathematical Problems in Engineering dynamics of the bridge structure under the action of moving loads. For instance, Fryba [14] proposed an analytic solution for the case of a simply supported continuous beam with homogeneous cross-section under a moving load. Li et al. [15] investigated the dynamic performance of arch bridges constructed with concrete-filled strengthened steel tubes under the load of moving vehicles. Lee [16] studied the feasibility of detecting the structural degradation of highway bridges under vehicle excitation in the laboratory environment. In the study on the dynamic impact of the speed of a moving load on four-span continuous structures based on an experiment and a finite element simulation, Yang [17] found that constant decelerations affect the dynamic response of structures. In an investigation of the effect of the compaction efficiency and speed of the vibratory roller on the degree of compaction, due to the strong force between the roller compactor and the bridge structure during the pavement compaction process, the bridge structure will generate a greater dynamic response than the normal moving load, and response caused by the different types of the roller will be different, too. For the dynamic response of the bridge structure under different rolling methods, scholars have also carried out a lot of research. In an investigation of the impact of different means of compaction on the bridge deck slab vibration and bridge deck compaction quality, Hou [18] found that the disturbance of the bridge deck slab resulting from the excitation force of a roller is a major factor causing bridge vibration. Compared with oscillatory rolling, vibratory rolling uses much greater forces but has the advantages of significantly higher efficiency, higher degree of final compaction, and more extensive crushing of coarse aggregates. Yang [19] comparatively analyzed the impact of vibratory and oscillatory compaction on a bridge structure, by performing an experiment to compare the bridge structure vibration resulting from oscillatory and vibratory compaction. Based on quantitative measurement and comparison of the accelerations of continuous smallbox beams paved using vibratory and oscillatory rollers, Liu [20] concluded that the vibration effect of an oscillatory roller on the bridge body is markedly smaller. Wang et al. [21] comparatively analyzed the dynamic response of a continuous beam bridge under static, vibratory, and oscillatory compaction by performing a field experiment of vibration acceleration (natural frequency), stress (strain), and displacement (deflection) based on control indicators for the effects of oscillatory compaction on bridge structure. Gunther [22] and Bild [23] calculated and analyzed the mechanical response of steel bridge deck pavement by using a finite element model, compared the computational results of the finite element model with testing data of bridge engineering projects, and assessed the factors affecting the service life of bridge deck pavement from different perspectives. Ying [24] suggested that the combination of vibratory compaction and rubber rolling can guarantee the construction quality of asphalt mixture pavement over cement-concrete bridge deck and prevent inadequate compaction. Wang et al. [25] performed a comprehensive analysis of the static and dynamic stresses in a bridge deck slab during bridge deck pavement construction and proposed a sustainable technique for bridge deck pavement construction.
The above studies analyzed the effect of the different means of compaction on bridge deck pavement and bridge structure from different perspectives, but they lack comparative and quantitative analyses of the dynamic response of different types of bridges under different working conditions of bridge deck pavement construction. In this study, the dynamic impact of vibratory rolling on the structure of bridges with different spans and cross-sectional designs under different rolling conditions was analyzed, by employing the finite element method and performing a series of field experiments.
The Experiment of the Vibratory Rolling of
Bridge Deck Asphalt Pavement 2.1. Experimental Scheme. Most highway bridges in China are of two cross-sectional designs: slab beam and ribbed beam. Of these two cross-sectional designs, hollow-slab beam and T-beam are the most popular. Therefore, bridges with the cross-sectional designs of concrete hollow-slab beam and T-beam and the two most popular structural designs, namely, simply supported beams and continuous beams, were selected for the field experiment on bridge deck pavement. The field experiment tested the accelerations and dynamic deflections of the bridges under bridge deck pavement construction using a vibration roller. The flexural deformation of the main beams of bridges is an indicator commonly used for monitoring the rigidity and operational health of large bridges; it is also a major indicator used for the acceptance inspection and evaluation of the service performance and safety of bridges. According to the General Specification for Design of Highway Bridges and Culverts [26] , the maximum midspan vertical deflection of a reinforced-concrete bridge should not exceed 1/600 of its calculated span. The acceleration of bridge structures under a dynamic load is a major indicator of structural safety. Field measurement of bridge acceleration is a simple task, and the resulting data are reliable. Therefore, the field experiment focuses on monitoring the deflection and vibration acceleration of bridge structures.
The bridges selected for the experiment include a 50 m simply supported T-beam bridge, a 3 × 25 m continuous Tbeam bridge, a 5 × 30 m continuous T-beam bridge, and a 3 × 20 m continuous hollow-slab beam bridge, which are shown in Figure 1 .
The experiment measured the deflection of the bridges using displacement meter. Direct measurement of the structural deformation of the bridges is difficult, owing to their large clearance heights. The suspension method was adopted for structural displacement measurement as follows. One end of a steel wire was fixed to a point (the displacement of which was to be measured) in the bridge slab, and a weight was attached to the other end of the steel wire. Thereby, the displacement at the measurement point could be transmitted to the suspending end of the steel wire. A displacement meter was placed under the suspending weight, such that the sensor of the displacement meter was pressed against the bottom surface of the weight and the displacement detected by the sensor was equal to the displacement in the slab, as shown in Figure 2 (a). The structural acceleration of the bridges under bridge deck pavement construction was measured using a voltage-type acceleration sensor as follows. The target point for acceleration measurement was ground using sandpaper. The sensor was placed at the measurement point that has been ground smooth and fixed using epoxy resin, as shown in Figure 2 (b). The lead of the sensor was connected to a signal acquisition system. The structural deflection and acceleration signals of the bridges under bridge deck pavement construction were acquired using a DH5922 test analysis system, as shown in Figure 2 (c). An edge beam was selected for the test. As the maximum deflection and dynamic response occur at the midspan of the structure, the sensors were placed at the midspan of the structures, such that the maximum dynamic response of the structure could be measured. Figure 3 shows the sensor configuration and measurement scheme for the field experiment.
In order to ensure that each test condition is constant, the type of paver, vibratory roller, and the working parameters of vibrating compactor were kept the same. Although some random loads (e.g., construction vehicle load) exist, the frequency of vibration in wavelet analysis result is almost the same. During the field experiment, concrete was paved using a 30-t VÖGELE paver, and the paved asphalt mixture was compacted using an HD130 vibratory double smooth drum roller (Hamm) and rolled using an XP302 pneumatic tire roller (XCMG). Figure 4 shows the pavement construction machinery configuration for the field experiment.
Experimental Results and Data Treatment.
The dynamic response signals during the asphalt pavement compaction were collected using the DH5922 dynamic signal analysis system, with band-pass filtering applied to the initial dynamic signals using the system's built-in digital filter. Based on the working frequency of the vibratory roller used for the field experiment, clutter signals of frequencies lower than 35 Hz and higher than 55 Hz were filtered out. The resulting displacement and acceleration measurements were plotted as time-series curves. Figure 5 illustrates the signal acquisition and data treatment process.
The measurement of the dynamic response of the bridge structures under vibratory rolling includes the acceleration and deflection at the midspan of the bridge under vibration rolling. Figures 6 and 7 present the time-series curves of the deflection and acceleration, respectively, of the different bridge structures under vibratory rolling. The field measurements show that the maximum deflections of the bridges under vibratory rolling are smaller than L/600 and the peak values of the midspan accelerations of the bridge structures fall in the range of 5-10 m/s 2 .
Finite Element Analysis of Vibratory Rolling

Theoretical Analysis of Vibratory Compaction
Dynamic Model of the Vibration System of Roller.
A vibratory roller operates by generating vibration from a builtin vibrator in its rolling wheel. The vibration is transmitted to the rolling wheel and then acts on the material to be compacted.
The excitation force of the vibration drum comes from the centrifugal force resulting from the rotation of an eccentric block mounted in the vibration drum and driven by a motor through a drive shaft. The vibration is a result of the rotating eccentric block's natural tendency to maintain balance. This form of vibration is referred to as circular vibration. In circular vibration, the direction of the excitation force is the same as that of the centrifugal force. The force resulting from the rotating eccentric block and acting from the vibratory drum on the ground varies periodically in a simple harmonic pattern. Figure 8 illustrates the principle underlying circular vibration. Therefore, the vibration of the vibratory roller acting on the pavement can be simplified and simulated as a sine-wave load in the subsequent analysis and computation.
Analysis of the Dynamic Response Resulting from Bridge
Deck Pavement Construction. The roller moves across the bridge deck to compact the bridge deck pavement. With the vibration effect of the roller neglected, the moving roller can be taken as a constant force moving across the bridge deck. Figure 9 illustrates the deflection response of the simply supported beam bridge and continuous beam bridge (three spans) under the impact of the moving roller, with its vibration effect neglected.
The deflection curves of the bridges under the moving load show that the maximum deflections occur near the midspan and the deflection curves of the bridges under the moving load can be taken as quasi-sine waves vibrating at certain frequencies around the corresponding static deflection curves. When the roller operates in its vibratory mode, the force that the vibration drum applies to the bridge structure has two components: the weight and the excitation force of the vibration drum. The deflection curve of the bridge structure under the drum exhibits a remarkable vibration effect and greater fluctuations.
The vibration effect can be measured using the dynamic amplification factor ( ), which is defined as the ratio of the maximum dynamic deflection of the bridge structure when its midspan is subjected to both the excitation force and weight of the vibratory roller and the maximum static deflection of the bridge structure when its midspan is subjected to the weight of the vibratory roller alone. The dynamic amplification coefficient is mathematically expressed as HuaYuan Bridge, DaiJiaShan Bridge, and the JinTangPing Bridge. Tables 1 and 2 present the structural parameters and material specifications, respectively, of the four bridges.
Finite Element Model of the
Finite element models were established for the bridges based on the structural parameters presented in Table 1 . The models were developed in the ABAQUS environment, with their boundary conditions defined according to their structural designs (simply or continuously supported). Table 3 presents the parameters of the models of the bridge structures. Figure 10 presents the finite element model for the QiaoShi Bridge (simply supported T-beam structure) and JinTangPing Bridge (continuous hollow-slab beam structure). Table 4 presents the working parameters of the HD130 double smooth drum vibratory roller. The vibratory roller operates by vibrating its rear wheel while rolling on its front wheel. The vibration that the vibration wheel applies to the bridge structure is simple harmonic vibration, which can be expressed as a sine function as follows:
Mathematical Problems in Engineering
Vibration Load of Roller.
where F 0 is the excitation force generated by the roller and F 0 = M e 2 , M e is the eccentric moment of the eccentric block, and is the circular frequency of the sine function and = 2 f.
In the numerical simulation, the force by which the roller acts on the bridge deck includes the weight of the vibration wheel and the excitation force generated by the simple harmonic vibration of the vibration wheel. Mathematically, this can be expressed as
where G is the weight of the vibration wheel.
For an operating vibratory roller, the excitation force generated by its rotating vibration wheel (F 0 ) is usually greater than its weight, or even two or three times of its weight. While operating to compact the bridge deck pavement, the roller only acts as a pressure on the bridge deck. Thus, the excitation force applied by the vibrating roller on the bridge deck can be expressed as
The action of the rolling wheel on the bridge structure can be taken as a moving constant force, which can be expressed as
The load applied by the roller was taken as a pressure load. The resulting contact stress was computed according to the roller load distribution given by Zhi and Sha [27] , where D is the diameter of the rolling wheel and is equal to 1.2 m, and L is the width of the rolling wheel and is equal to 2.24 m.
Substituting (4) and (5) into (6), the following equations can be derived.
For analyzing the stress in the bridge structure under the vibration load of the roller, the contact surface between the front/rear wheel of the roller and the bridge deck can be taken as a rectangular area, which was assumed to be 0.2 × 2 m (Figure 11 ). The actual vibration frequency of the roller selected for bridge deck pavement construction during the field experiment was 40 Hz and an excitation force of 126 kN, and the working speed of the roller was 6 km/h. The above parametric values were used for the finite element computation. The load during vibratory rolling as expressed by (7) and (8) was computed by a user defined DLOAD subprogram in FORTRAN. 
Results and Comparative Analysis
Comparison of Computational and Measurement Results.
The midspan deflection obtained from the field experiment should be larger than that obtained from the numerical computation because the bridges were also subjected to the load of the paving machine in addition to the load of the roller during the field experiment. During the field experiment, the paving machine was placed at the very center of the bridge deck and moved very slowly. Thus, the load of the 30-t paver was assumed in the models as a static load acting on the different spans of the bridges. Figure 14 presents the curves of the deflection at the midspan of the bridge when the paver moved across the bridge deck. Then, the deflection measurements in Figure 6 minus the corresponding simulated deflections resulting from the load of the paver were compared with the computed deflections resulting from the load of the roller. Figures 15 and 16 compare the measured and computed time-series curves of the four bridges under the load of the roller moving across the bridge deck at a speed of 6 km/h. The comparison reveals that the measured and computed time series of the midspan acceleration and deflection of the sample bridge structures under the vibration basically agree in terms of the peak value and variation trend, thereby confirming the reliability of the computational models.
There exist certain degrees of differences between the measurement and computational results, because the bridges were subjected to the loads of other construction machines (such as the pneumatic tire roller) in addition to the load of the vibratory roller and the several rollers operated in different irregular directions. This results in vibration loads of different magnitudes acting on the measurement points at different time points.
The comparison of the computational and measurement results reveals that the deflection of the bridge structures under the load of the vibratory roller during vibratory compaction of bridge deck pavement is within the limits provided in relevant specifications [26] , and the computed and measured structural vibration accelerations agree well. Therefore, it is reasonable to conclude that bridge deck pavement compaction using vibratory roller does not affect the safety and reliability of the bridge structure, and vibratory compaction is a feasible option for bridge deck pavement construction.
Parameter Analysis and Discussion
Effect of Vibration Frequency on the Bridge Structure.
An analysis shows that the vibration load of the vibratory roller is mainly determined by the working frequency of its vibration drum. Thus, the working frequency of the roller directly affects the reliability of the bridge structure and the compaction quality of asphalt pavement. The midspan deflections of the QiaoShi Bridge under vibration loads of different frequencies were computed. The computed midspan deflection resulting from the roller being statically placed at the midspan is 16.6 mm. Figures 17 and 18 present the time-series curves of the midspan deflection and the midspan deflection responses, respectively, of the QiaoShi Bridge under different working conditions. The computational results show that, at a frequency of 0 Hz (when the structure is subjected to a constant moving load that is equal to the weight of the roller), the maximum midspan deflection is 16.8 mm, the maximum midspan deflection amplitude is 2.84 mm, and the dynamic amplification factor of the dynamic load is 1.01. This indicates that, under the condition of static rolling, the maximum deflection approximates the static deflection and the structure generates insignificant vibration effect. When the roller operates in the vibratory rolling mode, the dynamic amplification factor gradually increases from 1.01 (the value under static rolling) to 2.03 as the vibration frequency of the roller increases, and the midspan deflection amplitudes at the three vibration frequencies of 40, 50, and 60 Hz are higher than the midspan deflection amplitude under static rolling, by 119.7%, 187.0%, and 572.9%, respectively. This indicates that the dynamic effect of structures subjected to vibration is a major factor affecting the structural safety, particularly at higher frequencies. Although the maximum midspan deflection of the bridges under high-frequency vibration is within the limit set in the specification, the dynamic effect resulting from the high-frequency vibration of roller may harm the bridge structures to certain degrees, particularly when several rollers operate simultaneously during bridge deck pavement construction or an asphalt mixture pavement is rolled multiple times to ensure adequate compaction. Therefore, the working frequency of a roller for pavement construction should be as low as possible; desirably, lowfrequency vibration and static rolling are combined such that the structural integrity of the bridge can be safeguarded.
Effect of Rolling Speed on the Structure.
The movement speed of a vibratory roller operating for bridge deck pavement construction is referred to as its working speed. The asphalt mixture compaction of bridge deck pavement construction is a three-stage process, preliminary compaction, repeat compaction, and final compaction. The roller working speeds for the three stages of compaction are 2-3, 5-6, and 8-9 km/h, respectively [28] . The midspan deflections of the QiaoShi Bridge during the three stages of compaction (preliminary compaction, repeat compaction, and final compaction at roller working speeds of 3, 6, and 8 km/h, respectively) at a roller vibration frequency of 40 Hz were analyzed. Figures  19 and 20 present the midspan displacement curves and deflection responses, respectively, at different working speeds of the roller.
The computational results show that both the maximum midspan deflection and deflection amplitude decrease with an increase in the working speed of the roller. At the same load frequency, the maximum deflection of the structure at a working speed of 3 km/h was 23.38 mm (which is translated to a dynamic amplification factor of 1.41) and was higher than that at a working speed of 6 km/h, by 11.9%. This is because, at a lower working speed, the roller takes a longer time to move across the bridge structure. This results in a larger number of vibrations and a greater amount of energy generated by the roller during its movement across the bridge structure, thereby resulting in a larger dynamic response in the bridge structure [29] . However, the selection of the working speed of a vibratory roller is also determined by the desired degree of asphalt mixture pavement compaction. A higher roller working speed contributes to a smaller vibration effect on the bridge but may not facilitate the compaction of the asphalt mixture. 30 m is 6.98 mm and is higher than that of the structure with a span of 25 m. The value of deflection increases by 89%, and the deflection amplitude increases by 19%. This indicates that both the dynamic response of the structure under vibration rolling and the dynamics of the structure increase with an increase in the span. The midspan bending moment of a continuous structure subjected to a load acting at its midspan can be computed using the equation given by Lei [30] :
Effect of Bridge
According to (9) , as the span of a continuous beam structure increases (with the same load acting on the structure), the bending moment of the structure increases and, thus, the midspan static deflection and dynamic deflection of the structure increase. were compared, as shown in Figure 22 , and their maximum midspan dynamic deflection-span ratios were computed, with the results shown in Figure 23 . Figures 23 and 24 show that, at the same roller vibration load, the maximum dynamic deflections of the JinTangPing and HuaYuan Bridges are 2.85 and 3.70 mm, respectively; the maximum deflection amplitudes of the two bridges are 1.17 and 1.74 mm, respectively; and the maximum dynamic deflection-span ratio of the middle span of the JinTangPing Bridge is 1.43×10 -4 and is smaller than that of the HuaYuan Bridge, by 3.4%.
Effect of Cross-Sectional
The cross-sectional design of the JinTangPing Bridge is a hollow-slab beam, while that of the HuaYuan Bridge is Tbeam. Compared with a T-beam bridge, a hollow-slab beam bridge (under the same load) has a larger cross-sectional area (consisting of the cross-sectional areas of the top and bottom plates) and, thus, has a greater capacity to resist the positive and negative bending moment. And the negative bending moments at the supports facilitate the effective release of the midspan bending moment. At a given cross-sectional area, a hollow-slab beam has a greater bending moment of inertia and a greater torsional rigidity than a T-beam bridge and, thus, exhibits a smaller dynamic response than the T-beam bridge under the same roller vibration.
Dynamic Response at Different Positions of Bridge Span.
Due to the constraint effect near the bridge fulcrum, the position far from the fulcrum is more likely to exhibit larger deformation. In order to quantitatively analyze the dynamic deflection at different positions, the dynamic response at the fulcrum, 1/8L, 1/4L, 3/8L, and 1/2L, is calculated and shown in Figure 25 . The maximum dynamic deflection and dynamic deflection amplitude gradually increase and basically have a linear trend from fulcrum to the middle of the span. The maximum dynamic deflection at each location competing with the fulcrum increases by 88%, 275%, 344%, and 414%, respectively, and the dynamic deflection amplitude increases by 28%. 57%, 70%, and 110%, respectively. Under the constant roller load, the dynamic response of the bridge structure at the mid-span position is far greater than that near the fulcrum. Large deflection means more energy dissipation in compaction process. It can be inferred that the compaction energy or compaction work by vibratory roller to the materials of bridge deck pavement is relatively lower than that at fulcrum. Therefore, it can be suggested that the parameter of vibration frequency or rolling speed may be adjusted to adapt this situation by taking the compaction degree into account. For instance, higher vibration frequency and lower rolling speed can be adopted at the middle span of bridge, and more compaction work can be done to the asphalt pavement. On the contrary, the relatively lower vibration frequency and higher rolling speed is applied for the location of fulcrum.
Conclusion
In this study, the dynamic responses of bridges with different structures, spans, and cross-sectional designs during bridge deck pavement construction using vibratory roller were investigated and analyzed, by performing a series of field experiments and finite element numerical simulations. Our conclusions can be summarized as follows.
(1) The dynamic responses of the bridge structures under different working conditions were simulated, using the finite element method. The resulting dynamic flexural deformations and dynamic accelerations of different types of bridges with different cross-sectional designs were compared with the results of the field experiment. The simulation and experimental results agree well, thereby confirming the validity of the model.
(2) The results of field test and finite element analysis show that during the pavement construction process, the maximum dynamic deflection of the bridge structure grows up with the increase of the vibration frequency which is in the normal working frequency range of the vibratory roller. For the simply supported beam, the dynamic deflection at high frequencies is 13% higher than that at low frequencies. As the frequency is further increased to 60 Hz, although the deflection of the bridge structure does not exceed the allowable value, the amplitude of the deflection is far greater than that under the rated frequency. Therefore, it is not advisable to use a higher frequency roller (high frequencies can provide greater excitation force to improve high compaction degree of asphalt pavement) during the construction process to ensure structural safety.
(3) The working speed of the vibratory roller is an important factor affecting the structural dynamic response. The working speed corresponding to different rolling stages makes the maximum dynamic magnification factor of the bridge different by more than 10%. Therefore the selection of the mode of rolling for bridge deck pavement construction should be based on the stage of rolling and the working speed for a specific stage of rolling. It is recommended that static rolling be used for the preliminary stage of rolling and vibratory rolling for the subsequent stages in order to ensure both compaction quality of asphalt pavement and the structural integrity of the bridge.
(4) The dynamic response of the bridge under vibratory load increases with an increase in the span. Thus, for bridge deck pavement construction of large-span bridge structures, smaller roller vibration frequencies are recommended to reduce the vibration load applied by the roller on the bridge structure and to prevent the bridge structure from excessive deformation. Bridges with different cross-sectional designs exhibit different dynamic responses during bridge deck pavement construction. For hollow-slab-beam and boxbeam bridges, the dynamic deflection under the same roller load is reduced by about 4% compared with the T-beam bridge under the same span. Thus, higher roller vibration frequencies are recommended to achieve better compaction, whereas for T-beam bridges, it is recommended that the working frequency of the roller be controlled below the rated frequency while increasing the number of rolling operations to achieve the desired degree of asphalt pavement compaction.
(5) For the bridge structure, there is an obvious difference in the dynamic response at different positions. The deflection and vibration amplitude of the mid-span under the impact of the roller may be several times higher than the fulcrum position. Therefore, during the construction process, when the road roller travels to different positions of the bridge span, the rolling speed and frequency should be appropriately adjusted accordingly. For instance, higher vibration frequency and lower rolling speed can be adopted at the middle span of bridge, and more compaction work can be done to the asphalt pavement. On the contrary, the relatively lower vibration frequency and higher rolling speed are applied for the location of fulcrum.
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